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Vertical farming requires a structurally sound and environmentally sustainable
racking system; however, existing research largely neglects the evaluation of the
structural safety of eco-friendly racking materials under various operational
loads. This gap necessitates further rigorous mechanical performance
assessments to ensure the long-term reliability of the system. This study aims to
develop a vertical farming racking design with an adequate safety factor by
examining its structural response to wvarious load scenarios. A design-
construction methodology supported by SolidWorks simulations was used to
evaluate stress distribution, strain behavior, and deformation patterns.
Simulation results using SolidWorks software indicate that the maximum
compressive stress at the loaded joint surface is 13.734 MPa, while the minimum
stress is 1.149 MPa. The highest load occurs at the fourth (bottom) joint level
due to pump-induced water pressure. The maximum strain recorded is 0.00491,
with a minimum of 0.00041. The top shelf level exhibits a maximum
displacement of 48.165 mm, while the minimum displacement is 0 mm. This
shows that the material and shape of the frame that has been made are in the safe
category with a safety factor (sf) of 2.4. These findings indicate that the proposed
rack design maintains structural integrity within safe limits and is suitable for
application in vertical farming systems.

1. Introduction

Doi: https://doi.org/10.19028/jtep.013.4.576-594

Various elements that support vertical farming make it an attractive option for city dwellers,

considering that urban areas experience difficulties regarding food security, while vertical farming
can strengthen food security (Mustafa & Sena, 2024; Rafiuddin & Khursatul Munibah, 2016; Yeremia

& Carina, 2022). Land conversion, a phenomenon encountered today, has led to a decline in the

availability of agricultural land (Erfiana et al., 2025). Rapid population growth is expected to lead to

the global population reaching 8.9 billion by 2050. In order to sustain such population growth, global
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food production must grow more than 70% by 2050. VF utilizes stacked levels of growing racks and
beds to maximize the growth space per square foot of land and typically uses hydroponics to reduce
water use (Zhang et al., 2020).

Vertical farming is the practice of producing food and medicine in stacked vertical layers, on
vertically inclined surfaces, and/or integrating them into other structures (Mustafa & Sena, 2024). The
best solution to address land constraints due to the ever-increasing population is vertical
development. Several factors support vertical farming as a choice for urban communities because
urban areas face challenges in food security, and vertical farming can improve household food
security in these areas (Kusumo et al., 2020; Subagyo et al., 2022). A vertical farming system can be
implemented by constructing tiered plant racks, a cross-stacked model with varying numbers of rack
levels, resulting in a larger plant. This cross-stacked model is arranged such that the shading effect of
the upper racks on the lower racks of each row of plants is reduced (Zhang et al., 2020; Mustafa &
Sena, 2024; Rahmat et al., 2025; Harani, 2022).

Vertical growing racks are tiered shelving units designed to support plants and their growth media
in compact spaces (Pandapotan, 2022). Urban farming emerged from the desire of urban communities
to continue farming, even on limited land (Riska, 2024). Conventional farming requires large areas to
support human food needs (Riska, 2024). Furthermore, this system can be integrated with
hydroponics, aeroponics, or traditional soil-based gardening techniques, offering great flexibility
(Eddy et al., 2019; Rafiuddin & Munibah, 2016) (Darius & Purnama, 2020). The main components of a
vertical gardening system include study shelves, grow lights, irrigation systems, and ventilation.
Unlike traditional horizontal gardening methods, vertical gardening ensures that each level receives
adequate light and nutrients, thereby optimizing plant health and growth rates. To address this issue,
hydroponic farming has been developed as a substitute for rice paddy farming. Hydroponics is a
method of growing plants without using soil as a medium. Hydroponics literally means growing in
water containing a nutrient solution (Wali et al., 2021; Fadli et al., 2020; Syidiq, 2022). Plants have
different characteristics, so not all plants can be cultivated hydroponically. There are many types of
hydroponics, including the wick system, nutrient film technique, deep water culture (DWC), drip
system, and ebb-and-flow system (flood-and-drain system). Hydroponic farming is currently an
alternative to overcome land limitations (Saroinsong, 2022). Hydroponics can be implemented using
various techniques, one of which is a simple technique using a wick system, utilizing used mineral
water bottles and rice husk charcoal as a growing medium (Utami et al., 2020).

Storage is the activity of storing, arranging, or storing (storage) to facilitate the retrieval.
Furthermore, the wide variety of sizes available makes storage facilities ineffective and inefficient,
leading to activity disruptions (Lerman et al., 2022; Lubis et al., 2025). This is due to the inability of
furniture design to meet varying functional and size requirements. The relatively lower rental price
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in strategic locations compared to conventional offices or shophouses, along with flexible rental
contracts, is also a key factor (Razi et al., 2024).

Developing a modern agricultural system using hydroponics is considered a viable alternative
because it does not require extensive land use (Riska, 2024). Therefore, modern agriculture using
hydroponics can continue to be developed to open new businesses, and the resulting products can be
used for personal consumption and marketed for profit. Water culture hydroponics was used to
implement hydroponic farming. Plants were grown in a medium using a solution. Vertical farming
can be monitored using this research, where the vertical farming water reservoir is installed with
several sensors to collect data, so that there is no need to be directly on the farm to check (Ekawati et
al., 2025). The material of the hydroponic rack frame was adjusted based on the required load. An
analysis of the rack strength will be conducted using ivory pipe material to obtain a more efficient and
economical frame and ease of assembly (Rahmat et al., 2025). The compact rack design uses a simple
system that is easy to assemble and disassemble and suits the interior of the house (Sadida & Pratama,
2024). The results show that hydroponic racks with a modular system are suitable for small and
compact condominium and apartment areas, and the selection of appropriate materials and precision
in design are important. The research objective is to create a vertical rack model that will later be used
for a pilot project and as a pilot that combines sturdy vertical racks using environmentally friendly

materials.

2. Material and Methods
2.1 Material

One of the most critical components of a vertical farming system is the plant rack, which supports
the growing medium, including planting bags, water, and the plants themselves. Therefore, the rack
must be designed to be sufficiently strong to support the weight of the plants, water, and other
equipment. This ensures that as the plants grow larger, there will be no deformation of the rack, which
could cause damage to the plants. The material used in this work was a polymer cylindrical pipe of
thermoplastic Acrylonitrile Butadiene Styrene (ABS) with standard dimensions for ivory pipe, an
outer diameter (OD) of 28 mm, a wall thickness of 0.8 mm or 1 mm, and a standard length of 4 m with
a cross-sectional area of 84.8 mm?2. This is based on the availability of ivory pipe material in the market
and the compatibility of ABS with a wide variety of materials, which makes it very versatile and light.
They are a family of copolymers used for technical purposes because of their high physical and
chemical properties, such as rigidity, impact resistance, heat resistance, surface appearance, and
resistance to many chemical agents (Mirasadi et al., 2024). With its relatively low production cost, this
device has the potential for widespread replication and distribution, supporting equitable access to
modern agricultural developments and encouraging the adoption of appropriate technologies in

agriculture (Pai et al., 2022).
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Polymer materials are widely used in various industries. They are readily available and used in
various applications. These materials play a crucial role because of their diverse functions and
widespread use by manufacturers (Ali et al., 2022). Many manufacturing industries already utilize
polymers in various products, such as material racks, trolleys, and conveyors. ABS Material are
frequently used in various sectors, particularly when impact-resistant materials, attractive
appearance, and environmentally friendly design are required owing to ABS's recyclability (Jeswani
et al., 2021). This material is preferred for making household appliances, vehicle interiors and hospital
X-ray platforms. ABS belongs to the styrenics family of polymers (Czyzewski et al., 2024). It is a
copolymer of acrylonitrile, butadiene, and styrene, which was first discovered in the United States in
1946. ABS consists of three monomers: acrylonitrile, butadiene, and styrene (styrene). This material is

produced by modifying a copolymer resin (styrene-acrylonitrile) with a copolymer (butadiene-

acrylonitrile).
Table 1. The Mechanical Properties of ABS (Ali et al., 2022)
Elongation at Break 10-50%

Elongation at Yield 1.7-6%
Flexibility (Flexural Modulus) 1.6-2.4 GPa
Hardness Shore D 100
Strength at Break (Tensile) 22.1-74 MPa
Strength at Yield (Tensile) 13-65 MPa
Toughness (Notched-Izod Impact at Room §-48 KJ/m?
Temperature)
Toughness at Low Temperature (Notched-Izod 7-22 KJ/m?
Impact at Low Temperature)
Young's Modulus 1.79-3.2 GPa

The next stages are modeling the rack structure, test simulation, determining the design, making
racks, and analyzing the rack structure. Of the five research journals, there are similarities; namely,
two studies both use qualitative research methods and discuss the design of vertical farming racks.
Meanwhile, in the vertical rack design process, a cross-stack model was developed, which was
arranged such that the shading effect of the upper rack on the lower rack of each row of plants was
reduced (Rahmat et al., 2025). The differences found between previous studies include the use of

environmentally friendly materials, actual loading, and non-destructive testing (Zhang et al., 2020).

2.2 Research Methodology

The research methods used in this study included engineering design, load modeling, finite
element analysis (FEA), and SolidWorks simulation. The racks were tested using nondestructive
testing (NDT) methods using SolidWorks 3D simulation. The strength analysis included stress,
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deformation, and safety factors at various critical points on the vertical farming rack frame. Actual
testing will also be conducted to determine the ability of the rack to withstand the weight of the
growing media placed within.

The racks will be placed in a 15-meter-long and 5-meter-wide area prepared by the campus. This
area accommodates 14 plant racks of the same size. The plants used will be mustard greens, bok choy,
basil and watercress. The spacing between plants will be 150 mm, with five planting holes per planting
media pipe. This spacing is expected to ensure even sunlight absorption across all plants grown in the
field. The manual fertigation method was carried out simultaneously with irrigation water directly to
the plants using an irrigation system, with mixing and administration carried out manually, without

timer or sensor automation, because it is still on a small scale.

2.3 Safety Factor Base on Yield Stress

Based on a book, The Safety Factor (sf) is a safety measure designed to make a product, system, or
structure safe (Khurmi; & Gupta, 2009). The higher the number of sf, the safer the product or structure.
An sf of 1 indicates that a structure or component will fail immediately when the design load is
reached and cannot support any additional load. Structures or components with sf less than one are
not acceptable. If the consequences of failure are severe, such as loss of life or physical injury, a higher
sf will be required, either by design or by law. The Safety Factor (sf) based on the yield stress is
expressed as follows:
sf =1.25 — 1.5: controlled conditions, and the working stress can be determined with certainty.
sf=1.5-2.0: known material with constant load and stress conditions that can be easily determined.
sf = 2.0 — 2.5: Material that operates at an average rate with known load limits.
sf = 2.5 — 3.0: known material without testing. Under average load and stress conditions.
sf = 3.0 — 4.5: known material. Uncertain loads, stress, and environmental conditions.
Repetitive Loads: Numbers 1 to 5
Shock Loads: Numbers 3 -5
Brittle Materials: Numbers 2 — 5 multiplied by 2

The factor of safety varies according to the situation. Systems are intentionally designed to be much

A

stronger than they need to be in normal settings. This increases the likelihood that they will continue
to function even under extreme conditions, such as emergency situations, added loads, overuse, or

degradation caused by wear and tear.
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Figure 1. Research Flow Chart.
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3. Results and Discussion
3.1 Vertical Rack Design

Vertical farming is an innovative solution to the modern challenges of agriculture. This method
addresses the increasingly pressing land constraints and rising population growth, particularly in
urban areas. By adopting high-tech systems, such as hydroponics or aeroponics, vertical farming
enables indoor crop production while efficiently utilizing space. In this study, the researchers used a
vertical farming plant rack design employing aeroponic and hydroponic methods. The design uses
thermoplastic polymers, such as ABS materials, which are widely available on the market, although
their availability is limited. This material is environmentally friendly and sufficiently durable for use
both indoors and outdoors, making it suitable for the desired application.

The rack is made using only ivory cylindrical pipe material, which is widely available in the market
and has been widely used in the modern manufacturing industry as a material for making trolleys,
raw material racks, conveyors, and others. The standard dimensions for ivory cylindrical pipes sold
in the market are an outer diameter (OD) of 28 mm, a wall thickness of 0.8 mm or 1 mm, and a standard
length of 4 meters with a cross-sectional area of 84.8 mm?2. The cylindrical pipe is then coated with
ABS polymer with a thickness of 0.8 mm - 1.2 mm. The dimensions of the rack were 1500 mm long,
1000 mm wide, and 2000 mm high. The material used was a cylindrical pipe with commercially
available dimensions. Each pipe connection was secured with special clamps to facilitate installation
and connection during assembly. No additional materials were added to the rack structure, except for
the brackets for attaching the wheels at the bottom of the rack, which were made of metal plates. The

rack design is shown in the image below.

Stage |
- - - p—= -
L = < BESS Stage 2
- - - - - - . p

Stage 3
. . - - = =

Stoge 4
n " ¥ | A

Caster 4

Figure 2. Vertical Farming Rack Design.
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3.2 Structural Strength Analysis of Vertical Farming Rack Design
3.2.1 Stress Analysis

The simulation load is located on four frame legs in the form of caster wheels and is simulated with
a load of 30 kg or 300 N for each shelf arrangement, except for the bottom shelf, which uses a load of
10 kg or 100 N, 30 kg or 300 N, and 50 kg or 500 N with the assumption that the bottom shelf receives
a larger load because it accommodates a large amount of water circulation. The smallest load
simulation was obtained from the assumption that the new tree seedlings were approximately 2 weeks
old with a weight of no more than 0.1 kg. The 30 kg simulation load was obtained from the number
of trees in the pot, as many as nine trees in each pipe, and the assumption that each pot of each shelf
weighs 1 kg and the weight of the circulating water flowing in the pipe is 5 kg in each pipe. The largest
load was obtained from the weight of the plant pot during the near-harvest process, which reached 2
kg in each plant pot. Stress is a force that acts on a surface with a unit area. Stress is a scalar quantity

with units of N.m™, also known as pascal (Pa). When an object experiences stress, its shape changes.

o Max: |2.747 von Mises (N/fmmA2 (MPa))

2,747

2,518

. 1832
1.603

* 1,374
B 1145
| 0916
. 0.687
0459

0.230
0.001

—P Yield strength: 34000

Figure 3. Material Stress Analysis 10 kg.
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Figure 5. Material Stress Analysis 50 kg.
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From the image of the 4-story rack above, the stress distribution analysis using Solidwork software
is shown in red for the maximum stress that occurs at the end of the connection from the surface

subjected to the load with a value as shown by the table:

Table 2. Stress Value Simulations
Max Stress Min Stress

Load (k) Mpa) (Mpa)
10 2.747 0.001
30 8.241 0.003
50 13.734 0.005

The greatest load was on the connection at stage no. 4 because this section experienced water

pressure from the pump and a heavy load owing to the circulation water tank.

3.2.2 Strain Analysis
Strain is a measure of the deformation or change in the shape of an object owing to the force or
stress acting on it. Strain is the ratio of the change in size (length, volume, etc.) of an object to its

original size when the object is subjected to stress.

% ESTRN
_Max: (oo
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. 0.00090
. 0.00082
0.00074
- 0.00065
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0.00045
= 000041

. 0.00033
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0.00016
0.00008

. 0.00000

Figure 6. Material Strain Analysis 10 kg.
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Figure 8. Material Strain Analysis 50 kg.
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From the image of the 1-story rack above, the strain distribution analysis using Solidwork software
is shown in red for the maximum stress that occurs at the end of the connection from the surface
subjected to the load with a value of 0.00294 while the smallest stress value is 0.00025. The largest load
is located at the connection in stage no. 1, where a water tank holding approximately 100 liters of
water is located.

Table 3. Strain Value Simulation.
Load (kg) Max Strain Min Strain

10 0.00098 0.00008
30 0.00294 0.00025
50 0.00491 0.00041

3.2.3 Displacment Analysis
Displacement is the movement of material from the starting point to the end point, which has been

subjected to pressure or load (force) from the pressing process or direct contact.

19,633 URES [mm)

9.633

l 8.830

. 8.027
7.225
. 6422
5.619
4816

- 4014
_32m

. 2,408
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Figure 9. Displacement Analysis for 10 kg.
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Figure 11. Displacement Analysis for 50 kg.
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The analysis results for the floor rack above show the maximum change (displacement) resulting
in deformation, indicated by a value of 48.165 mm (light deformation) in red, and the minimum
change, indicated by a value of 0 mm (blue). The resulting displacement values from the test

simulation are shown in table below:

Table 3. Displacement Analysis.

Load (kg) Displacement (mm)

10 9.633
30 28.899
50 48.165

3.2.4 Safety Factor

Many analyses use a safety factor to verify the safety of an object and to determine its function. By
simulating the safety factor, we can determine the safety of the frame under load. After obtaining the
results of the stress analysis, we can calculate the safety factor by dividing the yield strength of the
material by the stress caused by the applied load.

Model name:ASSY-TROLLEY

Study name:Simulation-1(-Default-)

Plot type: Factor of Safety Factor of Safety1
Criterion : Automatic

Factor of safety distribution: Min FOS = 12

FOS

33819273
31.001,996

28,184,717

| 25.367,438
_ 22,550,158
| 19.732,879
H 16,915,600
. 14.0%,321
_ 11,281,042
_ 8.463,763
_ 5.646484
l 2,329,205
11.926

Y

A

*Isometric

Figure 12. Safety Factor Analysis 10 kg.
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Figure 13. Safety Factor Analysis 30 kg.
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Study name:Simulation-3E-Defauit-)

Plot type: Factor of Safety Factor of Safefyl
Critznon : Automatic

Factor of safety distribution: Min FOS = 2.4

FOS
6.723,9%
6,163,864
5,603,729
| 5043595
| 2483480
3003326
_ 3363192
_ 2203057
. 2,242,923
. 1.682,788

- 1,122,654

I 562.520
2335

A

Figure 14. Safety Factor Analysis 50 kg.

The simulation for 3 loads indicated that the ABS material was strong enough to withstand the

applied load. The results are shown on the table below.
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Table 4. Safety Factor Analysis.

Load (kg)  Safety factor

10 12
30 4
50 24

The results of the simulations showed that the ABS material was sufficiently strong to withstand

the applied load and was safe for use as a vertical farming rack.

4. Conclusion

The simulation load is located on four frame legs in the form of caster wheels and is simulated with
loads of 10, 30, and 50 kg for each rack arrangement, except for the bottom rack, which uses a load of
100 kg or 1000 N, assuming that the bottom rack receives a greater load because it accommodates large
amounts of circulating water. From the simulation results, the maximum compressive strength that
occurred at the end of the connection from the surface subjected to the load was 13.734 MPa, while the
smallest stress value was 1.149 MPa. The largest load was at connection level 4 because water pressure
from the pump was present at that part. The strain distribution analysis for the maximum stress that
occurred at the end of the connection from the loaded surface had a value of 0.00491, while the smallest
stress value was 0.00041. The largest load was located at connection stage no. 1, where a water tank
holding approximately 100 liters of water was present. The results of the analysis on the floor shelf
above the maximum change (displacement) resulting in deformation are shown in red with a value of
48.165 mm (slight deformation occurs), and the minimum change is shown in blue with a value of 0.
This shows that the material and shape of the frame that has been made are in the safe category with

a safety factor (sf) of 2.4.

Acknowledgments

The authors would like to express their sincere gratitude to the ministry of higher education,
science and technology for its support through the Applied Research Scheme, under contract No.
0419/C3/DT.05.00/2025 dated May 22, 2025, and sub-contract No. 125/C3/DT.05.00/PL/2025 dated May
28, 2025 and to the Department of Mechanical Engineering, Universitas Sains Indonesia, Bekasi for its

support through the production process laboratory used during the research.

5. References

Ali, H. B, Oleiwi, ]. K., & Othman, F. M. (2022). Compressive and tensile properties of abs material as
a function of 3d printing process parameters. revue des composites et des materiaux avances,
32(3), 117-123. https://doi.org/10.18280/rcma.320302

591| Rahmat, et al Copyright © 2024. This is an open-access article
distributed under the CC BY-SA 4.0 License
(https://creativecommons.org/licenses/by-sa/4.0



JTEP Jurnal Keteknikan Pertanian, Available online:
Vol. 13 No. 4, p 576-594, 2025 http://journal.ipb.ac.id/index.php/jtep
P-ISSN 2407-0475 E-ISSN 2338-8439 DOI: 10.19028/jtep.013.4.576-594

Budi Kusumo, R. A., Sukayat, Y., Heryanto, M. A., & Nur Wiyono, S. (2020). Budidaya sayuran dengan
teknik vertikultur untuk meningkatkan ketahanan pangan rumah tangga di perkotaan.
dharmakarya, 9(2), 89-92. https://doi.org/10.24198/dharmakarya.v9i2.23470

Czyzewski, P., Marciniak, D., & Sykutera, D. (2024). Mechanical properties of ABS samples
manufactured under different process conditions. Bulletin of the Polish Academy of Sciences:
Technical Sciences, 72(1). https://doi.org/10.24425/bpasts.2023.147065

Darius, C., & Purnama, L. (2020). Pertanian vertikal di arjuna Utara. Jurnal Sains, Teknologi, Urban,
Perancangan, Arsitektur (Stupa), 1(2), 817. https://doi.org/10.24912/stupa.v1i2.4570

Eddy, S., Mutiara, D., Kartika, T., Conny, M., & Wahyu. (2019). Pengenalan teknologi hidroponik
dengan system wick ( sumbu ) bagi siswa pengenalan teknologi hidroponik dengan system wick
( sumbu ) bagi siswa sma negeri 2 kabupaten rejang lebong bengkulu introduction of hydroponic
technology with wick system for studen. Pengabdianmu: Jurnal Ilmiah Pengabdian Kepada
Masyarakat, 4(2), 74-79.

Ekawati, J., Wijaya, K., Rahmat, A., Muchamad, A. N., Suparyogi, D., Sofari, H., Permadi, Y., Naufal,
M., & Cikal, B. (2025). Area pengembangan urban farming dari gerakan ekonomi mandiri (gemi
0418 ) cimahi. 12(1), 20-28.

Erfiana, E., Indra Setiawan, B., & Krido Saptomo, S. (2025). FONi’s performances in the hydroponic
cultivation of various vegetables. Jurnal Keteknikan Pertanian, 13(3), 432—448. https://doi.org/
10.19028/ jtep.013.3.432-448

Fadli, F., Suryadi, S., & Kembaren, E. T. (2020). Pengembangan kewirausahaan agribisnis melalui
pelatihan kelompok usaha hidroponik. agrifo : Jurnal agribisnis universitas malikussaleh, 5(1), 9.
https://doi.org/10.29103/ag.v5i1.2733

Harani, S. A. P. (2022). Analysis of building integrated photovoltaic application for apartment
building in jakarta. Jurnal inovasi konstruksi, 1(1), 25-31. https://doi.org/10.56911/jik.v1i1.8

Jeswani, H., Kriiger, C., Russ, M., Horlacher, M., Antony, F., Hann, S., & Azapagic, A. (2021). Life cycle
environmental impacts of chemical recycling via pyrolysis of mixed plastic waste in comparison
with mechanical recycling and energy recovery. Science of the Total Environment, 769.
https://doi.org/10.1016/j.scitotenv.2020.144483

Khurmi, R. S., & Gupta, J. K. (2009). A Textbook of Machine Design (p. 1098). Eurasia Publishing
House.

Lerman, L. V., Benitez, G. B., Miiller, J]. M., de Sousa, P. R., & Frank, A. G. (2022). Smart green supply
chain management: a configurational approach to enhance green performance through digital
transformation. Supply Chain Management, 27(7). https://doi.org/10.1108/SCM-02-2022-0059

Mirasadi, K., Rahmatabadi, D., Ghasemi, I., Khodaei, M., Baniassadi, M., & Baghani, M. (2024).
Investigating the effect of abs on the mechanical properties, morphology, Printability, and 4D

592| Rahmat, et al Copyright © 2024. This is an open-access article
distributed under the CC BY-SA 4.0 License
(https://creativecommons.org/licenses/by-sa/4.0


https://doi.org/

L]
JTEP Jurnal Keteknikan Pertanian, Available online:

Vol. 13 No. 4, p 576-594, 2025 http://journal.ipb.ac.id/index.php/jtep
P-ISSN 2407-0475 E-ISSN 2338-8439 DOI: 10.19028/jtep.013.4.576-594

Printing of PETG-ABS Blends. Macromolecular Materials and Engineering, 309(6), 1-11.
https://doi.org/10.1002/mame.202400038

Muhammad Ikhsan Lubis, M. H., Lenny Herawati, S.T., M. T, Nelly Suryani, S.E.,, M.A.B., A., Yudha
Witanto, S.T., M.T., MBB., C.,, Novianda, S.T., M. S., & Rahmat, S.T., M. T. (2025). Otomasi industri
teknologi dan implementasi (M. S. Ir. Setiyono, S.T., M.M., M.T. (ed.); 1st ed.). Duta Technology.
https://penerbitdutatechnology.com/book/56

Muhammad Razi, M., Janifar, A., Zulkifli, & Turmizi. (2024). Desiminasi teknologi pengelasan rak
sepatu dan sandal untuk mesjid raudhatul jannah desa c-93 c-94. Proceeding Seminar Nasional
Politeknik Negeri Lhokseumawe, 7(1), 93-96. https://esjurnal.pnl.ac.id/ semnaspnl/article/
view/5164

Mustafa, D., & Sena, B. (2024). Analisis kekuatan rangka rak tanaman hidroponik pada smart indoor
farming menggunakan software solidworks simulation dan ansys workbench. armatur, 5
(September), 52—-61.

Pai, R. R,, Bangera, P. J., Shaikh, M. M., Prajwal, P., & Shetty, R. P. (2022). Design and development of
an automatic dry waste segregator for household and institutional wastes. Materials Today:
Proceedings, 52, 1048-1054. https://doi.org/10.1016/j.matpr.2021.10.487

Pandapotan, D. D. (2022). desain rak tanaman untuk pertanian perkotaan di kampung wisata
yogyakarta. Jurnal strategi desain dan inovasi sosial, 3(2), 147. https://doi.org/10.37312/
jsdis.v3i2.5295

Rafiuddin, A., & Khursatul Munibah, dan. (2016). Land use change pattern and the balance of food
production in karawang district. J. Il. Tan. Lingk, 18(1), 15-20.

Rahmat, R., Putra, D. A., & Sutomo, W. (2025). Sintek jurnal : Jurnal ilmiah teknik mesin utilizing
environmentally friendly materials as sustainable urban vertical farming racks with maximum
load. sintek jurnal: Jurnal IImiah Teknik Mesin, 19(1), 1-10.

Rahmat, R., Putrra, D. A,, Restu, R. N., & Imron, J. (2025). 3D model autocad of the piston displacer
cup for a gamma stirling engine using the api method. elkom journal, 18(1), 86-93.
https://journal.stekom.ac.id/index.php/elkom/article/view/2836

Sadida, H. M., & Pratama, Y. (2024). Desain dan simulasi adjustable rak untuk gudang e-commerce.
rekayasa energi manufaktur) Jurnal |, 9(1), 2528-3723. http://doi.org/10.21070/rem.v9i1.1689

Saroinsong, F. B. (2022). desain edible landscape, bentuk pertanian kota yang meningkatkan estetika
dan ketahanan pangan. Agri-Sosioekonomi, 18(3), 759-764. https://doi.org/10.35791/
agrsosek.v18i3.44716

Sukmawati Riska. (2024). Pengembangan metode pertanian vertikal untuk meningkatkanproduksi
dalam keterbatasan lahan. Jurnal Literasi Indonesia (JLI), 1(2), 61-68. https://jli.staiku.ac.id/
index.php/st/article/view/8/26

593| Rahmat, et al Copyright © 2024. This is an open-access article
distributed under the CC BY-SA 4.0 License
(https://creativecommons.org/licenses/by-sa/4.0


https://doi.org/10.37312/
https://doi.org/10.35791/
https://jli.staiku.ac.id/

L]
JTEP Jurnal Keteknikan Pertanian, Available online:

Vol. 13 No. 4, p 576-594, 2025 http://journal.ipb.ac.id/index.php/jtep
P-ISSN 2407-0475 E-ISSN 2338-8439 DOI: 10.19028/jtep.013.4.576-594

Syidiq, I. H. A. (2022). Hidroponik untuk meningkatkan ekonomi keluarga. journal science innovation
and technology (sintech), 2(2), 16-19. https://doi.org/10.47701/sintech.v2i2.1882

Udi Subagyo, Achendri M. Kurniawan, Bobby Aksumajaya, N. D. R. (2022). Pelaksanaan bantuan
teknis penataan & pembuatan rak vertikal garden kelompok kerja lingkungan rt 06 rwil8
kelurahan bunulrejo kecamatan blimbing kota malang. braz dent j., 33(1), 1-12.

Utami, A. D., Nur Cahya, M. A., Elfatma, O., & Setiawan, K. (2020). Urban farming: teknologi
vertikultur limbah plastik untuk mewujudkan sekolah dasar berbasis green school. prima: journal
of community empowering and services, 4(2), 64. https://doi.org/10.20961/prima.v4i2.41402

Wali, M, Pali, A., & Huar, B. C. K. (2021). Pertanian modern dengan sistem hidroponik di Kelurahan
Potulando, Kabupaten Ende. International Journal of Community Service Learning, 5(4), 388.
https://doi.org/10.23887/ijcsl.v5i4.39872

Yeremia, D. A., & Carina, N. (2022). Vertical farming sebagai upaya konservasi ekologi bumi. jurnal
sains, teknologi, urban, perancangan, arsitektur (stupa), 3(2), 2199. https://doi.org/10.24912/
stupa.v3i2.12316

Zhang, Z., Rod, M., & Hosseinian, F. (2020). A comprehensive review on sustainable industrial vertical
farming wusing film farming technology. sustainable agriculture research, 10(1), 46.
https://doi.org/10.5539/sar.v10n1p46

594| Rahmat, et al Copyright © 2024. This is an open-access article
distributed under the CC BY-SA 4.0 License
(https://creativecommons.org/licenses/by-sa/4.0


https://doi.org/10.24912/

